In artificial-nest studies, Japanese
Introduction
Japanese Quail eggs (JQE; Coturnix japonica) are commonly used in artificial-nest studies that examine the influence of habitat alteration on nest predation (e.g., Wilcove 1985; Reitsma 1992; . However, the influence of egg type and size on the results of artificial-nest studies has only recently been experimentally tested (Nour et al. 1993; Haskell 1995a Haskell , 1995b DeGraaf and Maier 1996; Craig 1998) .
JQE are substantially larger, have a thicker shell, and tend to be more spherical than the eggs of small song birds. Small mammals may not have a gape wide enough to break JQE shells (Roper 1992; Haskell 1995a; DeGraaf and Maier 1996; cf. Craig 1998) , but many small mammals such as Peromyscus spp. and Microtus spp. prey on the eggs of nesting birds (Maxson and Oring 1978; Bureš 1997; Guillory 1987) . The possibility that predation by small mammals cannot be accounted for with the use of JQE suggests that artificial-nest studies with JQE may produce biased estimates of relative predation rates. In addition, studies using JQE in artificial nests may result in a more important bias when the species of nest predators used in experimental treatments and locations differ. Habitat fragment size may not influence overall predation but it can influence the types of predators (Nour et al. 1993; Haskell 1995b) .
Based on the results of these studies, it is clear that in investigations of nest predation, eggs that approximate the actual size of those of birds nesting in the area should be used, especially when predator types and densities vary across landscapes (Bayne and Hobson 1998) . However, in only 35% of the artificial-nest studies reviewed by Major and Kendal (1996) were eggs used that approximated in size those of the potential prey species. Chinese Painted Quail (Xexcalfactoria chinensis; CQE) and Zebra Finch (Taenopygia guttata) eggs are much smaller than JQE and more closely approximate the sizes of large and small passerine eggs (Haskell 1995a) . These eggs may be more appropriate to use in artificial-nest studies.
Plasticine and clay eggs have been also used in artificialnest studies (Nour et al. 1993; Haskell 1995b ), but found that nests with plasticine eggs incurred higher predation rates than JQE and that predation rates differed between habitats depending on the type of egg used. Although clay eggs are useful (i.e., inexpensive and informative), it is necessary to determine if and how they influence predation in different habitats before they are used to replace real eggs in artificial-nest experiments.
We tested the appropriateness of JQE for detecting smallmammal nest predation in the boreal forest, where small mammals have accounted for 7-23% of nest-predation events Darveau et al. 1997; Hannon and Cotterill 1998) . Nest predation in the boreal forests of insular Newfoundland has not been studied, but small mammals may play a proportionally greater role because of the absence of snakes, skunks, and racoons (Dodds 1983) and the relatively large home ranges of medium-sized and large mammals (Novak et al. 1987) .
The objectives of the present study were to determine (iv) if CQE, commercially available eggs smaller than JQE, incur predation rates different from JQE in artificial nests in different habitats, and (ii) if small mammals are important nest predators in western Newfoundland. If small mammals that cannot consume JQE are important nest predators, we expected to detect higher rates of predation on CQE than on JQE.
Materials and methods
Study sites were on five small lakes (Lewis 1999) within the Corner Brook Subregion (48°57¢N, 57°55¢W) of the Western Newfoundland Ecoregion (Damman 1983 ). The region is characterized by forest, extensive clearcuts, bogs, a rugged terrain, soils that are fertile relative to those in the rest of Newfoundland, and some of the most favourable sites for forest growth on the island. The forest vegetation of the region is dominated by mature (60-80 years old) balsam fir (Abies balsamea) forests. Other trees present in low densities include black spruce (Picea mariana), white spruce (Picea glauca), white birch (Betula papyrifera), yellow birch (Betula alleghaniensis), red maple (Acer rubrum), and mountain ash (Sorbus americana). The understory of riparian forests in Newfoundland is composed primarily of blueberry (Vaccinium spp.), sheep laurel (Kalmia angustafolia), sweet gale (Myrica gale), and Labrador tea (Ledum groenlandicum; Ryan 1978) . The understory of the interior forest is characterized by mosses, lichens, fallen trees, wild flowers (e.g., bunchberry, Cornus canadensis), and forbs (e.g., yellow clintonia, Clintonia borealis; Meades and Moores 1994) .
Potential avian nest predators at these sites include the Common Raven (Corvus corax), American Crow (C. brachyrhynchos), Blue Jay (Cyanocitta cristata), and Gray Jay (Perisoreus canadensis), but only Gray Jays occurred regularly in this area (Whitaker and Montevecchi 1997) . Potential mammalian nest predators include the black bear (Ursus americanus), red fox (Vulpes vulpes), American marten (Martes americanus), short-tailed weasel (Martes erminea), mink (Mustela vison), red squirrel (Tamiasciurus hudsonicus), meadow vole (Microtus pennsylvanicus), and possibly masked shrew (Sorex cinereus; Scruton et al. 1995) .
In 1997, we established five transects along intact riparian forest controls ("intact forest") and four along riparian buffer strips ("buffer strips") of various widths. Transects were 200 m in length and located 5-15 m inside the forest, parallel to the riparian edge.
Lakes were small (7-25 ha) and buffer strips were narrow (18-33 m) and placed as far from intact forest as possible. Sites were logged between 1988 and 1991.
Twenty artificial nests (wicker baskets 9 cm in diameter × 4 cm deep) lined with grass and covered with moss were placed at approximately 10-m intervals along each 200-m transect. Nests were placed on the ground (n = 180) under a shrub, tree, or fallen log in positions similar to those of White-throated Sparrow (Zonotrichia albicollis) nests (Harrison 1975) , the most common edge species in this area (Whitaker and Montevecchi 1997) . A single JQE or CQE was placed in each nest along with a clay egg to help identify nest predators. The clay egg was tethered to the nest with monofilament fishing line. Ten nests containing each egg type were placed in an alternating pattern along each transect. We wore rubber boots and attempted to minimize trails to the nests, and whenever possible, approached and left nests by different paths. All quail eggs were washed and air-dried and plastic gloves were used in all aspects of nest/egg handling and placement. Nests were set out from 17 to 21 June and checked once between 24 and 28 June and between 1 and 5 July 1997. Nests were checked initially to determine if they were trap-lined (i.e., a single predator sequentially consumed many nests on a transect). Cumulative predation events were used in statistical analysis.
CQE are substantially smaller than JQE and approximate the size of large passerine eggs (Haskell 1995a) . A subset of 149 JQE and 80 CQE were measured for length and width to the nearest 0.1 mm using digital calipers. Egg volume was calculated using the formula for the volume of an ellipsoid, V = p/ 6(LW 2 ), where V is volume, L is egg length, and W is egg width (Preston 1974) . This formula estimates the volume of Thick-billed Murre (Uria lomvia) eggs, which are quite different from an ellipsoid, with 95% accuracy (Birkhead and Nettleship 1981) . Comparisons between egg width and volume were made using a one-tailed t test for two means without assuming equal variance (Sokal and Rohlf 1995; Minitab Inc. 1994) . Agresti (1996) defines logistic regression as a model that assumes binomially distributed errors with quantitative, qualitative, or both types of explanatory variables. Therefore, logistic regression was used to determine if nest predation was influenced by lake site (k = 5 for intact forest, k = 4 for buffer strips), treatment (k = 2, buffer strip vs. intact forest), and egg type (k = 2) and if there was an interaction between treatment and egg type using PROC GENMOD (SAS Institute, Inc. 1996) . A runs test was used to determine if predation on the nests was spatially random (Zar 1984) . To be conservative, we used a = 0.1. Predation was spatially random (runs test, P > 0.1) on all transects, except one where predation was temporally independent.
Results JQE (23.7 ± 0.6 mm; mean ± SD) were 4 mm wider than CQE (19.7 ± 0.6 mm). JQE (9.1 ± 0.7 mL) were nearly twice the volume of CQE (5.09 ± 0.5 mL). JQE were significantly wider (t = 47.2, df = 228, P < 0.0001) and more voluminous than CQE (t = 53.8, df = 228, P < 0.0001).
Predation rates differed significantly among lakes (DG = 34.1, df = 4, P < 0.0001) but not between treatments (DG = 2.4, df = 1, P = 0.12), egg types (DG = 1.4, df = 1, P = 0.24; Table 1 ), or the interaction between treatment and egg type (DG = 0.1, df = 1, P = 0.81).
Of 123 predation events, 32% were identified using clay eggs or by examining the condition of the nest/eggs. Eleven percent of predation events were due to red squirrels and 21% to unidentified mammals. Examination of the clay eggs indicated that there was no predation by avian predators on these ground nests, although they preyed on artificial shrub nests in this area (Lewis 1999) . The low identification rate is due to a lack of teeth marks on many clay eggs or the disappearance of the clay eggs and occasionally the nest.
Discussion
This is the first experimental test, at a landscape scale, to assess how different-sized quail eggs influence predation in an artificial-nest experiment. We attempted to test Haskell's (1995a) and Roper's (1992) observations that JQE bias the results of artificial-nest studies by excluding small-mammal predators. Although studied how differences in types of eggs affect predation, they compared JQE with plasticine eggs. DeGraaf and Maier (1996) showed how egg size affects predation by a single species.
We found that different-sized JQE and CQE had little influence on predation, indicating that despite being much smaller, CQE did not improve the sensitivity of artificialnest experiments in a balsam fir forest in western Newfoundland. If mammals smaller than red squirrels are important nest predators, and if they can consume CQE, predation on smaller eggs should have increased. There was no evidence of predation by mammals other than red squirrels in this area (see also Lewis 1999) . We believe that many of the unidentified losses were caused by red squirrels which learned to avoid the clay eggs, although larger mammals may have preyed upon the occasional nest. Red squirrels were a major nest predator in this area (Lewis 1999 ) and in other studies in which both artificial and natural nests were used (e.g., Tewksbury et al. 1998) .
It is possible that we might not have detected smallmammal predation through the use of clay eggs, but it is unlikely that small mammals other than red squirrels are important nest predators, for a number of reasons. The only small mammals that are abundant in western Newfoundland are meadow voles and masked shrews (Tucker 1988) . Although meadow voles occupy forested habitat in Newfoundland, their densities are low compared with mainland North America (Nichols 1995) . Shrew densities are comparable to mainland densities (Tucker 1988; Nichols 1995) , but their role as a nest predator is questionable. Nour et al. (1993) and Darveau et al. (1997) found shrew-like teeth marks in plasticine eggs, but to our knowledge there is no direct evidence that shrews (Sorex spp.) prey on birds' eggs.
The role of egg size in nest-predation studies requires more investigation. Egg widths of many eastern North American passerine species common in Newfoundland average from 12.3 to 5.5 mm for warblers, 15.5 mm for the White-throated Sparrow, 16.8 mm for the Hermit Thrush (Catharus guttatus), 18.3 mm for the Pine Grosbeak (Pinicola enucleator), and 20.0 mm for the American Robin (Turdus migratorius ; Harrison 1975) . The width of CQE falls near the high end of this range, making them a useful substitute in studies of larger passerine species such as the American Robin. Whether CQE are small enough to assess predation by potential predators like eastern chipmunks, deer mice, meadow voles, and masked shrews needs to be determined. Haskell (1995a) assumed that egg width is the factor limiting a predator's ability to break an eggshell. However, a small predator may try to break open ellipsoidal eggs at the narrower pole and therefore may be able to consume an egg wider than its gape (Craig 1998) . We observed that Gray Jays had difficulty picking up JQE, and carried off eggs with the narrower pole in their bill. Some eggs were eaten from the narrower pole, and crows exhibit similar behaviour with large eggs (Montevecchi 1976) . JQE, which are almost twice as voluminous as CQE, may be too large for small mammals to manipulate, i.e., to brace in a position where they can effectively break the narrow pole of the egg. We did not measure the width of the narrow pole, but egg volume gives a rough estimate of the relative egg size that a predator can handle and consume. Simple behavioural observations of small mammals may identify the factors limiting egg consumption and indicate the most appropriate egg size to use in artificial-nest experiments (Haskell 1995a; DeGraaf and Maier 1996; Craig 1998) . It may be useful to conduct similar types of studies with Zebra Finch eggs, although these would be inappropriate if they are smaller than the eggs of target species (Craig 1998) .
Knowledge of predator abundance, distribution, and population dynamics and how these factors influence the importance of egg size in interpreting the results of artificial-nest experiments is essential. The cyclic nature of some smallmammal populations and species' habitat preferences may affect the results of nest-predation studies (Darveau et al. 1997) . A variable that may alter the results of the present study over time is the increasing abundance of introduced eastern chipmunks and deer mice on insular Newfoundland (Tucker 1988 ). While the current geographic ranges of these species are mostly limited to western Newfoundland, as they increase and disperse across the island, nest-predation rates will likely increase, and JQE may not be an appropriate egg to use in artificial-nest studies in Newfoundland.
Finally, researchers interested in performing meta-analyses on edge effects or habitat fragmentation, and in making management recommendations based on artificial-nest data, should critically review artificial-nest studies to determine if egg size could have significantly biased the results of these studies. Egg size is not the only variable that may influence predation in different habitat types, but its potential to bias artificial-nest studies by discriminating against certain predators requires that researchers attempt to control for this variable in their research designs. 
